The number of words in the abstract: 217 words; the 2 2 total number of characters in the paper: 39932. understood. We examined the effect of impairment of CEF and thermal energy 3 3 dissipation (qE) on photoinhibition using CEF (pgr5) and qE (npq1 and npq4) mutants of Arabidopsis thaliana exposed to strong light. Impairment of CEF by mutation of 3 5 pgr5 suppressed qE and accelerated photoinhibition. We found that impairment of qE,
in both the wild type and the pgr5 mutant, and the extent of decrease was significantly 1 6 0 faster in the pgr5 mutant (Fig. 2B) . However, the effect of pgr5 mutation on the To examine whether the acceleration of photoinhibition caused by impairment
of CEF is attributable to impairment of qE, the effect of mutation of genes encoding 1 6 9
npq1 and npq4 on a decrease in the level of the F v /F m was measured in the absence or
presence of chloramphenicol. When npq1 and npq4 mutants were exposed to strong the wild type in both mutants and indistinguishable to that in the pgr5 mutant (Fig 2A) .
When leaf discs were exposed to strong light in the absence of chloramphenicol, ( Fig. 2B ). However, in the presence of chloramphenicol, there was no significant
effect of npq1 and npq4 mutations on the decrease in the level of the F v /F m (Fig. 2B ).
7 7
Results indicate that impairment of qE by mutations of npq1 and npq4 caused but not acceleration of the photodamage to PSII. Thus, acceleration of photodamage
due to impairment of CEF by the mutation of pgr5 was not attributable to suppression We examined whether the production of hydrogen peroxide caused acceleration the wild type (Fig. 3B ) and the pgr5 mutant (supplemental figure 2B) . However, in the 1 9 1 presence of chloramphenicol, there was no significant effect of methyl viologen on the
decrease in the level of the F v /F m in both the wild type ( Fig. 3B ) and the pgr5 mutant (supplemental figure 2B) . Results indicate that the production of reactive oxygen
species, such as hydrogen peroxide and superoxide, accelerated photoinhibition through
inhibition of the repair of photodamaged PSII but not acceleration of the photodamage
to PSII. These results were consistent with previous report in cyanobacteria CEF is not attributable to the production of reactive oxygen species. We examined whether inhibition of the generation of ∆ pH across the thylakoid 2 0 3 membrane causes acceleration of photoinhibition of PSII using a protonophore nigericin.
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Leaf discs from the wild type and the pgr5 mutant were vacuum infiltrated with 1 mM
nigericin. The effect of nigericin as a protonophore was examined by suppression of acceleration of photodamage to PSII caused by a lack of CEF is not attributable to peroxide ( Fig. 3B ) had no effect on the process of photodamage per se to PSII (Fig. 3) ,
indicating that the acceleration of photodamage upon the impairment of CEF is neither
attributable to the impairment of qE nor the production of hydrogen peroxide.
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Furthermore, both interruption of the Calvin cycle that causes over reduction of demonstrated to have no effect on the process of photodamage. However, nigericin photodamage upon impairment of CEF might therefore be attributable to the disruption
of the generation of a thylakoid ∆ pH (Fig. 5 ). of VDE and protonation of PsbS. Impairment of CEF suppressed qE development 2 9 1
( Fig. 2A ) and accelerated photoinhibition (Fig. 2B) . These results suggest that the 2 9 2 acceleration of photoinhibition upon impairment of CEF is at least partially attributable 2 9 3
to suppression of qE development. Impairment of qE by the mutation of genes for VDE (npq1) and PsbS (npq4) accelerated photoinhibition under strong light (Fig. 2B ).
9 5
However, the effect of impairment of qE on photoinhibition was completely abolished
in the presence of chloramphenicol (Fig. 2B) . These results indicate that the 2 9 7
impairment of qE accelerates photoinhibition through inhibition of the protein
synthesis-dependent repair of photodamaged PSII rather than through acceleration of 2 9 9
photodamage to PSII. The impairment of both CEF and qE inhibited the de novo 3 0 0 synthesis of the D1 protein, which is important for the repair of photodamaged PSII,
under strong light (Fig. 4) . These findings suggest that the acceleration of strong light (Fig. 5 ). Pierce, IL, USA). After CBB was removed from PVDF by incubation in 95% conjugate substrate kit (Bio-Rad, CA, USA). the Calvin cycle, is critical for the synthesis of the D1 protein of photosystem II. Effect of mutations of pgr5, npq1 and npq4 on the CO 2 fixation rate and PSII activity in Arabidopsis. Leaf discs (78.5 mm 2 ) were sequentially exposed to light at 0, 100, 500 and 1000 µmol m -2 s -1 in 21% 18 O 2 and 3.5% CO 2 (in N 2 gas) at 25˚C in a closed reaction cuvette a period of 15 minutes. Changes in light intensity are shown by arrows. A, The photosynthetic CO 2 fixation rate was measured by the light-dependent consumption of CO 2 . B, The photosynthetic O 2 evolution rate was measured by the light-dependent production of 16 O 2 . In A and B, results are an average of three independent measurements. Figure 2 . Effect of impairments of CEF (pgr5) and qE (npq1 and npq4) on NPQ and photoinhibition. Leaf discs (78.5 mm 2 ) were exposed to light at 1000 µmol photons m -2 s -1 . A, Induction of NPQ. B, Leaf discs were exposed to light after vacuum infiltration of 1 mM chloramphenicol (+Cm) or in its absence (Control). The maximum quantum yield of PSII (Fv/Fm) was measured after dark incubation for 15 min. In A and B, the values are mean Figure 4 . Effect of impairments of CEF and qE on the de novo synthesis of PSII proteins. Leaf discs (78.5 mm 2 ) from the wild type, the pgr5, the npq1 and the npq4 mutants were vacuum infiltrated with [ 35 S]Met/Cys (10 mCi ml -1 ) solution and floated on water during exposure to light at 1000 µmol photons m -2 s -1 for 15 min. Thylakoids isolated form the leaf discs and thylakoid proteins (corresponding to 7.85 mm 2 ) were separated by NuPAGE Novex 4%-12% Bis-Tris gel electrophoresis.
